The effects of protein and/or energy deficiency on long bone growth were studied using rats of an average weight 100g. Four groups of Wistar rats were respectively fed on a normal diet, a low-energy diet, a low protein-diet, and a low-protein and low-energy diet for 45 days. Both energy and protein deficiency restricted gains of body weight and femur length and the activity of alkaline phosphatase in the tibia to the same extent. The epiphyseal growth plates of the femur in protein-deficient rats were as thin as those in energy-deficient rats. On the other hand, femur width and activity of acid phosphatase in the tibia were lower in protein deficient animals than those in energy-deficient ones. Serum calcium concentrations and calcium content of bone were the same among all groups.
It is well known that protein and energy deficiency (PED) restricts bone growth. Histological studies show that PED causes reduction of cartilage pro liferation and osteoblastic activities (1, 2) . Nakamoto and Miller indicated that bone alkaline phosphatase (Alp) activity was reduced by protein and calorie malnutrition in rats (3) . LeRoith and Pimstone indicated that long bones became shorter and lighter in protein-deficient rats than in controls, due to the decrease of calcium absorption in the protein-deficient rats (4) . However, few studies have distinguished the effects of protein deficiency and energy restriction on bone growth. The present experiment is designed to study the effect of protein and/or energy deficiency on long bone growth in rats.
EXPERIMENTAL
Ninety-one male Wistar rats of an average weight of 100 g were used. All rats 189 Table 1 . Composition of diets (%) . NN, LE, LP and LL represented a normal diet , a low-energy diet, alow-protein diet and a low-energy and low-protein diet , respectively. All values are means ± SD for 7 rats. a NS, not significant . * p<0.05, **p<0.01.
other hand, the gradual loss of activity was observed for LE and LP . Alp activity of the tibia in LL was the lowest of the four groups on the 15th and the 30th days of the experiment. throughout the experiment. The lower level of longitudinal bone growth with protein and/or energy deficiency was partly due to the lack of the growth spurt in the femur. Blood levels of sex hormones and growth hormone are increased in adolescence, suggesting that these hormones to stimulate the adolescent growth spurt in human (9) . It is possible that the disturbance of secretion of these hormones was related to the absence of the spurt in protein and/or energy deficient rats. In NN, the changes of bone Alp activity were accompanied by the spurt of the elongation of bones. However, the activity was gradually reduced in LE and LP. Jaffe suggested that bone Alp was related to skeletal growth in rats (10). Nakamoto and Miller also reported that the changes of bone Alp activity corresponded to the calcification pattern and indicated that the activity was decreased in protein and calorie malnourished rats (3). Bone Alp activity may be related to the gain of length in long bone.
It is well known that the proliferation of the epiphyseal cartilage is responsible for longitudinal growth of long bones. Normally the thickness of growth plate is kept constant because the rate of multiplication of cartilage cells is almost the same as the rate of their degradation which is accompanied by calcification (11). Schneider and Adar indicated that food deprivation decreased the thickness of the epiphyseal growth plate in rabbits (2) . The epiphyseal growth plates in the LE group became thinner and bone Alp activity lower, much the same as in LP . The results suggest that protein and/or energy deficiency decreases proliferation of the epi physeal cartilage cells, which induced the slow longitudinal growth of long bones.
A substantial amount of protein may be used as an energy source when animals are fed on a low-energy diet. Thus energy deficiency can induce protein deficiency. In fact, energy deficiency diminished gains of body weight and femur length similarly to protein deficiency. However, protein deficiency restricted the gain of femur width more strongly than energy deficiency. The mechanism of long bone elongation is different from that of width gain. The longitudinal growth of long bone is the result of the proliferation of the cartilage in the epiphysis. On the other hand, the gain of bone width is due to bone formation in the periosteum of dpaphysis (11) . The results suggested that the suppressive effect of protein deficiency on the increase of long bone width was stronger than that of energy restriction, i .e., protein deficiency caused long bone to become more slender. In other words, protein deprivation suppresses more severely bone formation in the periosteum than the proliferation of cartilage.
Although bone Acp activity in NN remained almost constant, lowering of bone Acp activity was observed in malnourished rats. The Acp activity in LP was lower than that in LE and the Acp activity in LL was lowest throughout the experiment . Nakamoto and Miller (3) reported similar results. There is a correlation between bone Acp activity and bone resorption (12, 13) . Therefore, protein deprivation might reduce bone resorption. It is well known that the increase of long bone width consists in bone formation in the periosteum which accompanies bone resorption in the endosteum. Harris and Heany suggested that the reduction of bone resorption suppressed bone formation (14) . Thus protein deficiency might have inhibited bone formation in the periosteum by reducing bone resorption.
The gains of body weight, bone length and bone width were lowest in LL. Epiphyseal growth plates in LL were also thinnest among all groups. The suppressive effects of protein deficiency on the growth of body and bone appeared to be additive to those of energy restriction.
LeRoith and Pimstone reported that protein deficiency reduced calcium ab sorption from the intestine and plasma calcium concentration in rats (4) . How ever, serum calcium concentrations and percentages of calcium content in bone ash were scarcely changed by protein and/or energy deficiency in the present study. The reason why the conflicting results were obtained is not clear. However, it is possible that the difference of protein and/or calcium contents in the diets led to the different results. The LP diet of the present experiment contained 6% milk casein and 0.56% calcium. On the other hand, LeRoith and Pimstone used a diet contain ing 4% casein and 0.49% calcium. It is possible that the protein and/or energy deficient diet used in the present study could restrict bone growth without dis turbing calcium homeostasis in rats.
